An operant behavioural and time-contingent graded exercise therapy program was developed to improve functional ability irrespective of pain experience in patients with chronic shoulder complaints. The clinical effectiveness of graded exercise therapy compared to usual care was evaluated in a randomised clinical trial. Assessments were carried out before and after 12 weeks of treatment. Performance of daily activities was measured by two outcome measures: the main complaints instrument and the Shoulder Disability Questionnaire (SDQ). Patients were eligible for participation if they had suffered from shoulder complaints for at least three months. Patients suffering from systemic diseases, referred pain or severe biomedical or psychiatric disorders were excluded. Patients (n = 176) were randomised and allocated either to graded exercise therapy (n = 87) or usual care (n = 89). Graded exercise therapy led to greater improvement in the performance of daily activities than usual care. However, only mean differences between groups in performance of activities related to the main complaints reached statistical significance (p = 0.049; 95% CI 0.0 to 15.0). The observed beneficial effects were considered to be small to moderate (calculated effect sizes: 0.30 for the main complaints instrument and 0.07 for the SDQ). Subgroup analysis showed larger improvements on the mean complaints instrument in patients not reporting pain reduction over time. Graded exercise therapy seems to be less effective in restoring performance of daily activities as assessed by the SDQ in patients showing a painful arc during physical examination. Results showed that graded exercise therapy is more effective in restoring the ability to daily activities in patients with chronic shoulder complaints than usual care, although beneficial effects are small. [Geraets JJXR, Goosens MEJB, de Groot IJM, de Bruijn CPC, de Bie RA, Dinant G-J, van der Heijden G and van den Heuvel WJA (2005): Effectiveness of a graded esercise therapy program for patients with chronic shoulder complaints. Australian Journal of Physiotherapy 51: 87-94]
Introduction
Shoulder complaints are a major topic in primary health care: the 1998 point prevalence of self-reported shoulder pain in the general Dutch population was estimated at 21%, while 41% of all patients with shoulder complaints in the past 12 months visited a general practitioner (GP) (Picavet and Schouten 2003) . A majority of shoulder complaints last for relatively long periods of time or recur: approximately 50% of all patients who visit their GP with a new episode endure complaints for up to six months (Kuipers et al 2004 , van der Windt et al 1996 , Winters et al 1997 and up to 40% still have complaints after 12 months. Moreover, 46% of all patients with a new episode of complaints recall a previous history of shoulder complaints (van der Windt et al 1996) . Eighty-five percent of patients with initial chronic shoulder pain in the general Swedish population still reported pain after 12 years (Andersson 2004) .
Patients with shoulder complaints suffer from pain (27%) and disability (29%) (van der Heijden 1999, Picavet and Schouten 2003) . Because shoulder complaints can have considerable impact on daily life and often develop into chronic disorders, it is important to optimise the treatment. It has been hypothesized that the course of shoulder complaints involves biological, psychological, and social factors, as is also the case in other non-specific musculoskeletal pain disorders (Linton 1995) . We therefore developed an operant behavioural and time-contingent graded exercise therapy program to improve functional ability in patients with chronic shoulder complaints despite their pain. We chose this approach in view of the proven effectiveness of this type of treatment in patients with low back pain (Fordyce et al 1986 , Guzmán et al 2001 , Lindstrom et al 1992 , Linton 1999 , Morley et al 1999 , Tulder et al 2001 , Vlaeyen and Linton 2000 . We have previously described the theory and conceptual model underlying this program, reported on the program's development and content, and presented the design of our study (Geraets et al 2004) . The present paper describes the clinical effectiveness of graded exercise therapy in patients with chronic shoulder complaints. Graded exercise therapy is compared with usual care as described in the 1999 guidelines for shoulder complaints issued by the Dutch College of General Practitioners (Winters et al 1999: see also http://nhg.artsennet.nl/upload/104/guidelines2/E08.htm). The objective of the study was to assess whether graded exercise Effectiveness of a graded exercise therapy program for patients with chronic shoulder complaints therapy is more effective than usual care after 12 weeks of treatment in terms of restoring the ability to perform daily activities irrespective of pain experience in patients with chronic shoulder complaints.
Methods
Design The short-term clinical effectiveness of graded exercise therapy compared with usual care was assessed in a randomised clinical trial. Short term was defined as the end of the 12-week treatment period. The graded exercise therapy was administered by 20 physiotherapists, whereas usual care was administered by 32 general practitioners (GPs). The study was approved by the iRv/SRL Medical Ethics Committee.
Recruitment and allocation of patients
Patients with chronic shoulder complaints (lasting for at least three months) living in the Province of Limburg in the Netherlands were invited to participate in the study during the period from January 2002 to July 2003. With 25% and 50% recovered patients respectively in the usual care and graded exercise therapy group at 26 weeks follow-up, we aimed to have 132 patients participate in the study (66 in each intervention group) based on a one-sided alpha of 0.05, a statistical power (1-beta) of 0.90, and a 10% non-differential dropout rate. Patients were recruited either by the GPs during consultation for shoulder complaints, or by advertisement in local newspapers. All potential participants received written information and visited the GP to check eligibility according to the criteria listed below. A research assistant visited the patients at home for the intake procedure within two weeks of the consultation with the GP. Eligible patients were asked to give written informed consent. Patients were included if they were at least 18 years of age and had suffered from shoulder complaints in the shaded area shown in Figure 1 for at least three months.
Exclusion criteria were: medical treatment for shoulder complaints during the previous three months; complete rotator cuff tears; serious prior trauma (i.e. fractures or dislocations); prior surgery of the shoulder, upper limb, neck or thorax; osteoporosis; rheumatoid or bacterial arthritis; tumour; referred pain from internal organs; cervical radicular syndrome; gross shoulder hypermobility; stroke; polyneuropathy; multiple sclerosis; polymyalgia; ankylosing spondylitis; treatment for serious psychiatric disorders; or inability to complete questionnaires in Dutch.
Randomisation and allocation
Patients were pre-stratified at physiotherapist practice level. We used block randomisation, with blocks of 10 patients, to allocate patients either to graded exercise therapy or to usual care in each stratum. Concealed randomisation was based on a random number list generated by an experienced researcher who was not involved in the conduct of the study. Patients received prepared opaque sealed and coded randomisation envelopes after the baseline measurements.
Graded exercise therapy Graded exercise therapy is a behavioural treatment program characterised by graded activity, time contingency, and operant conditioning. The primary aim of this exercise program is to increase the patients' ability to perform their own preferred shoulder activities in daily life at home or at work, irrespective of the pain experience. It does not aim to achieve pain relief at all. The program's activities are related to specific shoulder functions such as reaching, supporting, pushing, pulling, hitting, and stabilising, with work-related activities receiving special attention. The content of the graded exercise therapy program has been described in detail elsewhere (Geraets et al 2004) .
An important aim of graded exercise therapy is to increase levels of daily activity by learning from the consequences of behaviours, the so-called operant learning principle (Fordyce 1976 , Skinner 1953 . Pain behaviour is expected to be consolidated when patients experience the consequences of this behaviour as pleasant and to be extinguished when they experience the consequences as unpleasant. Positive reinforcement of the preferred behavioural change is given to increase and maintain the desired behaviour. In graded activity, levels of activity increase in a step-wise timecontingent fashion, irrespective of pain experience. Goals are preset and agreed upon at the start of the program. The graded exercise therapy program consists of a maximum of 18 group sessions, each lasting approximately 60 minutes, over a period of 12 weeks, administered in groups of three to five persons. During the 'start-up period', the rationale is explained, and pain and pain-related disability are discussed. The 'treatment plus generalisation' period involves the performance of operant conditioning and time-contingent graded exercises. At the start of the program, the frequency of sessions is three times a week, after which it gradually decreases to one session every two weeks. Generalisation to everyday life is strongly emphasised at the end of this phase.
Prior to the start of the study, physiotherapists participating in the graded exercise therapy group (two in each of the 10 local practices) took part in a one-day workshop and two booster sessions under the supervision of experts in the field of cognitive-behavioural treatment.
Usual care Usual care was standardised according to the 1999 version of the guidelines for shoulder complaints issued by the Dutch College of General Practitioners (Winters et al 1999) . Usual care consisted of information, recommendations, and pain-contingent medical or pharmaceutical therapy. During the first two weeks following the initial GP consultation, a wait-and-see policy was followed. This policy was supplemented with analgesics or NSAIDs if the GP thought this was necessary. The patient was instructed to re-consult the GP if complaints continued for more than two weeks. The GPs made the specific choice of treatment, like corticosteroid injections or referral to a physiotherapist or orthopaedic surgeon. GPs participating in the usual care group attended a refresher course on the application of the guidelines. Blinding Two research assistants who were not involved in the randomisation procedure carried out the data collection of baseline characteristics and outcome measurements. Blinding of patients and health care providers (physiotherapists and GPs) was not possible. Data entry and statistical analysis were carried out according to a pre-specified analysis plan and blinded for treatment allocation.
Baseline and outcome assessment At baseline, demographic variables, disease characteristics and treatment preferences were documented (Table 1) . Before randomisation and after 12 weeks of treatment continuous outcome variables were documented.
The primary outcome variable, the performance of the level of daily activities, was assessed using two different assessment instruments: the main complaints instrument (a measure for the performance of activities related to patientspecific complaints) and the Shoulder Disability Questionnaire (SDQ) (van der Heijden et al 2000). In the first instrument, patients selected at baseline three daily activities they regarded as most important in relation to their shoulder complaints, but not necessarily related specifically to pain. They rated their ability to perform these activities during the past week on an ordinal (11- Graded exercise therapy n = 87
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The secondary outcome measures we assessed were perceived recovery, shoulder pain, generic health-related quality of life, catastrophising, coping with pain, kinesophobia, and fear-avoidance beliefs. Perceived recovery was measured on an eight-point ordinal scale (0, fully recovered, to 7, very much deteriorated). Patients were regarded as recovered if they felt either fully recovered (0) or very much improved (1). Shoulder pain was scored on the Shoulder Pain Score (SPS) and pain intensity was measured on an 11-point ordinal scale (Winters et al 1996) . Generic health-related quality of life was rated on the EuroQol-5D (Brooks 1996) . Catastrophising and coping with pain were scored on subscales of the Pain Coping and Cognition List (PCCL) (Berg et al 2001) . Kinesophobia was assessed by two items (items 1 and 9) of the Tampa Scale for Kinesophobia (TSK-DV) (Vlaeyen et al 1995) . Fear-avoidance beliefs were scored on the subscale of fear-avoidance beliefs about physical activity, adjusted for shoulder complaints, of the Fear-Avoidance Beliefs Questionnaire (FABQ-DV) (Vendrig et al 1998) .
Statistical analyses All data were analysed according to the intention-to-treat principle. Analyses were carried out with SPSS statistical software (version 11.5). A p value of < 0.05 was considered to be statistically significant (two-tailed) for all comparisons.
The primary endpoints, i.e. the change in the performance of daily activities at 12 weeks as assessed by the main complaints instrument and the SDQ, were compared using the average change over time in both groups. For all cases, we calculated the highest score of three selected main complaints at baseline and differences at follow-up. If two or three of the main complaints were rated equally highly at baseline, we calculated mean differences over time.
Differences between groups were calculated and analysed by means of Student's t-tests for all outcome variables measured on continuous scales and having a Gaussian distribution, and by Mann-Whitney tests for non-Gaussian distributions.
Average changes for groups, mean differences between groups, and 95% confidence intervals of the differences were calculated. Chi-squared tests were performed for ordinal and dichotomous outcome variables. Risk differences were calculated and presented for dichotomous outcome measures. Effect sizes were calculated by taking the mean differences between groups and dividing them by the standard deviation of the average change of the total population. We considered effect sizes of 0.2, 0.5, and 0.8 as small, medium and large beneficial effects respectively (Cohen 1977) .
We used imputation of the overall mean for missing data if patients for whom data were missing and patients eligible for analyses were comparable at baseline, i.e. if all baseline means for missing cases were no more than half of a standard deviation away from the overall means for continuous outcome measures and if baseline proportions differed by no more than 5% for dichotomous outcome measures.
We considered the following variables as putative prognostic factors: function of the shoulder girdle as assessed by physical examination (passive range of external rotation, active range of abduction/elevation, and presence of painful arc), psychosocial variables (anxiety, depression, somatisation, distress) (Four Dimensions of Psychological Symptomatology Questionnaire (4DSQ)) (Terluin 1998) , and treatment preferences. Using a stepwise forward procedure (p < 0.10), the main complaint instrument and SDQ as outcome measures, the influence of these putative prognostic factors and post-randomisation differences between groups was evaluated by means of multiple linear regression analyses.
A change in shoulder pain intensity was considered a priori to be a modifier. We assumed that pain reduction over time might naturally result in increased performance of daily activities. Since the aim of graded exercise therapy is to increase performance of daily activities, irrespective of pain experience, we assumed that the program might be more effective in patients not reporting pain reduction over time. Therefore, the influence of changes in pain intensity on performance of daily activities as a modifying factor was analysed. We defined subgroups based on pain reduction by more than one standard deviation away from baseline. We studied the effect of graded exercise therapy in these subgroups using multivariate linear regression for the main complaint instrument and for the SDQ. We also evaluated the interaction with treatment. Crude and adjusted regression coefficients and 95% confidence intervals are presented.
Results
The GPs considered 192 patients to be eligible to participate in the study. Sixteen patients were excluded before randomisation (for reasons, see Figure 2 ), so 176 patients were randomised and allocated to either the graded exercise therapy group (n = 87) or the usual care group (n = 89) ( Figure 2 ). Eighteen patients withdrew from the study during the treatment period. Six withdrawals had been allocated to graded exercise therapy (for reasons, see Figure 2 ), while 12 had been allocated to usual care (for reasons, see Figure 2 ). Data for eight patients were missing at 12 weeks (two graded exercise therapy and six usual care). Table 1 shows that at baseline treatment groups were comparable on all continuous outcome measures. Patterns of treatment preferences were similar for both groups, although patients allocated to usual care more frequently favoured behavioural therapy and less frequently favoured manual therapy and drugs therapy (analgesics and NSAIDs). Patients allocated to usual care scored slightly lower on the distress subscale of the 4DSQ and less frequently reported concomitant neck problems but more frequently reported quick onset of their current complaints. Otherwise, prognostic status at baseline was comparable for both groups.
Patients who withdrew from the study during treatment period (n = 18) or had missing data at 12 weeks (n = 8) were more likely to report a quick onset and shorter duration of complaints, and had fewer prior episodes of shoulder complaints during the past year. In terms of treatment preferences, they less frequently favoured manual therapy and more frequently favoured drug therapy and injection therapy. Patients who withdrew scored slightly higher on the somatisation subscale of the 4DSQ. No difference on the baseline values of outcome measures was found. *After imputation of the overall mean. For the graded exercise therapy factor, graded exercise therapy was coded 1 and usual care was coded 0. For the change in pain intensity factor, a change was coded 1 and no change was coded 0. For the painful arc factor, presence of a painful arc was coded 1 and absence was coded 0. †Regression coefficient model adjusted only for graded exercise therapy. ‡Regression coefficient model adjusted for depression and presence of painful arc at baseline and for change in pain intensity. §Regression coefficient model adjusted for presence of painful arc at baseline, interaction between graded exercise therapy and presence of painful arc at baseline and for change in pain intensity. GET = graded exercise therapy.
therapy improved more than patients allocated to usual care as measured on both primary outcome measures. Differences between groups for improvement of the main complaints reached statistical significance (p = 0.05). Effect sizes for the main complaints instrument and the SDQ were 0.30 and 0.07 respectively. Improvements on all secondary outcome measures favour graded exercise therapy, but only differences between groups for improvement of catastrophising thoughts reached statistical significance. Imputation did not alter these results.
Crude and adjusted analyses are presented in Table 3 . The between-group difference for reduction of severity of the main complaint at 12 weeks post randomisation for patients receiving graded exercise therapy was on average 7.5 points larger and statistically significant compared with those receiving usual care (model 1.1). The between-group difference for reduction in SDQ score at 12 weeks post randomisation favoured graded exercise therapy, but failed to reach statistical significance (model 2.1).
Pain intensity was unchanged in 132 patients, while pain reduction was seen in 44 patients. There was a significant relationship between reduction of the severity of the main complaint at 12 weeks on the one hand and pain reduction and depression scores at baseline on the other hand (model 1.2). After adjustments for pain reduction and depression score at baseline, the difference in reduction of severity of the main complaint between treatment groups was retained at the conventional level (7.5 versus 7.6). When analysed according to strata, mean differences between treatment groups for reduction of severity of the main complaint were larger in patients reporting no change in pain over time (7.6) than in patients reporting pain reduction (1.6).
There was a significant relationship between reduction in SDQ scores at 12 weeks on the one hand and pain reduction and presence of a painful arc at baseline on the other hand (model 2.2), and in addition for the interaction between graded exercise therapy and painful arc (model 2.3). After adjustment for pain reduction, for the presence of painful arc at baseline, and for the interaction between graded exercise therapy and painful arc, the difference in reduction of severity of disability (SDQ) between treatment groups changed substantially (from 1.7 to 10.8). When analysed according to strata, mean differences between treatment groups for reduction of severity disability (SDQ) were smaller and favoured usual care in patients with a painful arc (-0.2) as compared with patients with no painful arc (7.3). These findings suggest that in terms of improvement of the SDQ scores graded exercise therapy was less effective in patients showing a painful arc at baseline.
Discussion
Our findings suggest that the operant behavioural graded exercise therapy program is more effective than usual care in restoring daily activities in patients with chronic shoulder complaints. However, only differences between groups for the main complaint instrument reached statistical significance and we consider the observed beneficial effects to be small.
Performance of daily activities was measured by two outcome measures (main complaints instrument and SDQ). Patients allocated to graded exercise therapy improved more on both measures than those allocated to usual care, although differences between the groups were only statistically significant for changes in performance of activities related to patients' main complaints. The SDQ is an instrument to assess activities in terms of functional limitations related to pain. Given the aim of the graded exercise therapy program, which is not primarily to reduce pain intensity, SDQ changes might be expected to be less obvious. Nevertheless, patients allocated to graded exercise therapy showed greater changes in shoulder pain than those allocated to usual care. Shoulder pain reduction was considered a priori to be a modifying factor. Mean differences between groups as assessed by the main complaints instrument were higher in patients not reporting pain reduction. Graded exercise therapy was more effective in restoring ability to perform daily activities as assesses by the SDQ in patients not reporting a painful arc.
For clinical practitioners like GPs and physiotherapists, these results mean that graded exercise therapy seems to be particularly effective in improving the performance of daily activities among patients who eventually show little reduction of pain intensity. Graded exercise therapy seems less effective in patients who report a painful arc during physical examination. However, since only 44 participants (26%) reported pain reduction post treatment, and since a painful arc was absent in only 48 patients (28%), these outcomes need to be interpreted with caution. We suggest that these factors should be evaluated in greater detail in further studies.
Graded exercise therapy is a behavioural treatment and not a cognitive behavioural treatment. Nevertheless, data show that graded exercise therapy had positive effects on all psychological outcome measures. The positive effect on catastrophising thoughts was even statistically significant (p = 0.03).
Thirty-six patients (23 graded exercise therapy versus 13 usual care) reported recovery post treatment (full recovery or very much improved). Differences between groups in perceived recovery rates were 11% and not statistically significant (p = 0.12). But even though patients did not perceive themselves as recovered, performance of daily activities improved. These results indicate that patients allocated to graded exercise therapy consider their ability to perform daily activities at home or at work less frequently dependent of perceived recovery or pain experience.
As patients were only excluded from the trial on the basis of systemic diseases, referred pain or severe biomedical or psychiatric disorders, we regard our study population as fairly representative of persons with shoulder complaints in the general practice population. Treatment groups were comparable with respect to outcome measures at baseline. Blinding of patients and health care providers (physiotherapists and GPs) for the nature of allocated treatment was not possible. However, although treatment preferences could therefore introduce bias these were found to have no influence on outcome measures after 12 weeks of treatment.
Blinding could explain the differential rates for dropouts and loss to follow-up. Eighteen patients (10.2%) withdrew from the study, and data for eight patients (4.5%) were missing for post-treatment analysis. Although more withdrawals had been allocated to usual care (12 usual care versus six graded exercise therapy), the numbers of patients who withdrew because of the content of the interventions (frequency of treatment sessions and treatment preferences) were small and similar for both groups (three usual care versus two graded exercise therapy).
Since patients who withdrew from the study during treatment period (n = 18) or had missing data at 12 weeks (n = 8), had a shorter duration of complaints and had fewer prior episodes of shoulder complaints during the past year, the prognostic status at baseline of these patients was probably slightly better compared with patients available for analysis (Windt van der et al 1996) . Because the numbers of withdrawals per group were not equally balanced, we applied imputation of the overall mean for missing data. However, imputation of missing outcome data did not alter the results of this study.
Conclusion
This study confirms the hypothesis that behavioural factors play a role in the course of shoulder complaints, which is comparable to that in other non-specific musculoskeletal pain disorders (Linton 1995, Vlaeyen and Linton 2000) . Further evaluation of long-term effectiveness and cost-effectiveness is needed before implementation of graded exercise therapy can be recommended.
Our overall conclusion is that graded exercise therapy seems to be more effective than usual care in restoring the performance of daily activities in patients with chronic shoulder complaints, although beneficial effects are small. Mean improvements for the main complaints instrument were larger in patients not reporting pain reduction. Graded exercise therapy has a favourable effect on catastrophising thoughts among patients with chronic shoulder complaints. It seems to be less effective in patients showing a painful arc during physical examination.
